Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F =(1.8×°C)+32 Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83). Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C). Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L). 
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Introduction
The study area lies in the Snyderville Basin north of Park City, in Summit County, Utah ( fig. 1 ). Surface water in the basin originates in the Wasatch Mountains to the south and west of the study area. East Canyon Creek begins as McLeod Creek, which receives water from snowmelt and from the Spiro Tunnel near Park City, Utah (Brooks and others, 1998 2 ). Numerous small pumps also are installed in the creek for small-scale lawn irrigation. The creek is diverted into a number of small artificial ponds that were built for housing developments along the upper end of the study area. There are no irrigation diversions in the lower reach of McLeod Creek, however, there are irrigation returns and inflows from springs that add water. East Canyon Creek has relatively few diversions along the reach in the study area ( fig. 3 ). There is one pumped diversion for the Glenwild Golf Club, which is shown as OUT-2 in figure 3, and one surface-water diversion used by Summit Water Distribution Company (shown as OUT-4 on figure 3). The Snyderville Basin Water Reclamation District operates the East Canyon Water Reclamation Facility at the lower end of the reach ( fig. 3) . Effluent from the treatment plant enters the stream just above USGS streamflow-gaging station 10133800, East Canyon Creek near Jeremy Ranch, Utah (IN-20 on fig. 3 ).
Holmes and others (1986) conducted a seepage study on East Canyon Creek on October 27, 1983. A 0.6 ft 3 /s gain was measured from the beginning of East Canyon Creek to just above the inflow from Threemile Canyon. From Threemile Canyon to Toll Canyon, a 1.45 ft 3 /s gain was measured. From Toll Canyon to near the present location of the gage at East Canyon Creek near Jeremy Ranch, Utah, a 0.7 ft 3 /s gain was measured. The total seepage gain measured along this reach from the start of the creek to near streamflow-gaging station East Canyon Creek near Jeremy Ranch, Utah, was 2.7 ft 3 /s, or a 19 percent gain. This study was conducted during a year with greater-than-average precipitation.
Brooks and others (1998) report a seepage loss in the area of Kimball Junction from measurements made by Downhour and Brooks (1996 ) in 1994 and 1995 Purpose and Scope improve water quality and fish habitat in the area. Therefore, a study was conducted by the USGS in cooperation with the Snyderville Basin Water Reclamation District during the summer of 2004. The results and interpretations from that study are presented in this report.
Methods used to determine seepage along McLeod Creek and East Canyon Creek
Streamflow Measurements
Discharge measurements were made using standard methods of the USGS (Buchanan and Somers, 1969) . Measurement error using these methods is plus or minus 5 percent. For the measurements made on June 24, 2004, at the East Canyon Creek sites, a repeat discharge measurement was made at each site. In each case, the difference between the two measurements was less than 5 percent ( Creek and East Canyon Creek, a number of small inflows from seeps and springs, and outflows from small pumps, were noted. These small diversions were not observed to flow during any of the seepage measurements. These sites have not been included in this report. Only one of these pumps (MCC-OUT9) was pumping during the seepage measurements. Discharge from this pump was estimated.
Four sets of measurements also were made along East Canyon Creek during the summer of 2004. These measurements were made on June 24, July 30, August 30, and October 1, 2004. Measurement sites along East Canyon Creek are shown in figure 3. These sites were chosen at convenient measuring locations approximately 1 mi apart. Inflows and diversions were measured or estimated wherever active flow was observed. For a selected set of seepage measurements, the date, time, discharge, specific conductance, water temperature, pH, and dissolved oxygen concentration from each measurement location are listed in table 4. OUT-2 is a pumping station that uses water from East Canyon Creek for irrigation of the Glenwild Golf Club. Discharge at this outflow was estimated for each set of measurements at 1. Seepage is considered to be any gain or loss to a stream that is not accounted for by surface-water diversions or inflows. In other words, it is the gain or loss that occurs along the bounding channel materials to or from the subsurface. This may be seepage to the ground-water system, or it may be flow into and out of streambed material. Seepage gains and losses along the reaches were calculated by subtracting the downstream discharge from the next discharge measured upstream, then adding in any diversions and subtracting the inflowing tributaries.
Streamflow changes were recorded at three USGS streamflow-gaging stations: 10133600, McLeod Creek near Park City, Utah ( fig. 2) , 10133650, East Canyon Creek below (table 5) . The other -2.1 ft 3 /s change observed at the downstream station may have been caused by the Glenwild Golf Club pump (OUT-2) turning on. The change in discharge at the Jeremy Ranch gaging station started at about 11:00 a.m. on October 1. The travel time from OUT-2 to Jeremy Ranch is unknown but is most likely on the order of a few hours. Therefore, it is likely that the pump was switched on sometime prior to the start of measurements on October 1, 2004. A plot of discharge measured along East Canyon Creek for each of the measurement dates shows that the measurements made on October 1, 2004, follow a similar downstream trend as the previous measurements ( fig. 7) . This indicates that discharge in the creek had stabilized by the time the seepage measurements were made.
When evaluating seepage values, natural streamflow fluctuations need to be considered. Recorded discharge at the three streamflow-gaging stations varied at a constant rate of change during most seepage measurements. Therefore, a rate of change in discharge per hour is also calculated in Temperature Measurements in East Canyon Creek Stonestrom and Constantz (2003) have shown that heat can be used as a tracer to track the movement of water from a stream into the subsurface. With this method, heat flow is observed by monitoring the water temperature in the surface water and in a piezometer that is installed in the streambed material. In a losing stream, the downward flow of water transports heat into the sediments underlying the stream. The heat transfer can be observed if the diurnal temperature variation in the surface water is large compared to the diurnal temperature variation in the underlying sediment. This is generally the case for most natural streams. If no transfer of the temperature variation is observed, this indicates that water is not moving downward into the sediments, but rather, may be moving upwards into the stream. A stream reach with this type of signature is a gaining reach (Stonestrom and Constantz, 2003) .
To determine if the study reach of East Canyon Creek is a gaining or losing reach, three shallow piezometers were installed in the creek bed to measure temperature fluctuations in the stream and in the streambed material. A well was installed at sites ECC-2, ECC-4, and ECC-7. The piezometers consisted of a 2-in. steel pipe that was flattened to a point on one end and driven approximately 1 to 2 ft into the streambed. The bottom of the pipe was perforated to allow water in the bed material to enter the well. Two Tidbit© temperature loggers were installed at each location. One was installed inside and at the bottom of the well while the other was attached to the outside of the pipe to record the surface-water temperature. A photo of a piezometer installation is shown in figure  8 . Water-temperature data were collected from July 12 to October 29, 2004. On June 24, 2004, the loss in discharge from sites MCC-1 to MCC-2 was -5.1 ft 3 /s. This loss is the likely result of water that is diverted for irrigation at the West Grade Canal (MCC-OUT1). It appears that much of this water is returned in the next downstream reach. Reach MCC-1 to MCC-2 showed no consistent gain or loss for the other measurement dates (fig. 9) A graph of discharge measured at the stations along McLeod Creek is shown in figure 10 . A consistent pattern of flow throughout the summer can be seen. From site MCC-1 to MCC-2 the creek consistently loses water. This reach contains the main water diversions. During the June 24, 2004, and October 1, 2004 , measurements it appears that most of the water that is diverted from the upper section of McLeod Creek is returned downstream. This is because no irrigation was taking place at this time. During the July and August measurements, McLeod Creek gained water from site MCC-2 to MCC-3. However, the gains in this reach were less than the losses measured in the reach from site MCC-1 to MCC-2. From site MCC-3 to MCC-4 there was a consistent gain throughout the summer, with the largest gains occurring in June when conditions were wetter.
Results and Discussion
Seepage gains and losses for McLeod Creek
Seepage gains and losses for East Canyon Creek
Eight main channel measurement sites and nine tributary sites were selected to evaluate seepage gains and losses along East Canyon Creek (fig. 3) A plot of the discharge measurements made along East Canyon Creek is shown in figure 7 . This plot shows a fairly consistent pattern of discharge along the creek throughout the summer. The reaches with the greatest change in discharge are those that have the largest anthropogenic effects. Reach ECC-2 to ECC-3 shows a consistent loss in discharge. This is the result of an active diversion to the Glenwild Golf Club pump. Reach ECC-7 to ECC-8 shows a consistent gain caused by inflow from the East Canyon Water Reclamation Facility.
Heat Tracing in East Canyon Creek
Water temperature measured in East Canyon Creek and in the streambed piezometers at sites ECC-2, ECC-4, and ECC-7 is shown in figures 12-14, respectively. The surface-water temperature in East Canyon Creek has a diurnal variation that is controlled by the ambient air temperature. If this diurnal trend is seen in the subsurface, it is an indication that water is moving from the surface into the streambed.
At site ECC-2 during the end of July and August there appears to be a very small water-temperature fluctuation in the piezometer that corresponds with diurnal surface-water temperature. This indicates that a small amount of seepage to the streambed is occurring in this area. Seepage measured from sites ECC-1 to ECC-3 was -0.7, -0.3, and -0.8 ft 3 /s on July 30, August 30, and October 1, 2004, respectively (table 9). The diurnal variation in the piezometer data was less pronounced in September and October. Although it is not indicated by the seepage measurements made in October, this attenuation may be caused by a decrease in seepage loss in the immediate area around site ECC-2.
A good relation between the surface and streambed water-temperature profiles appears to exist at site ECC-4. The peak daily water temperature occurs approximately 8 hours later in the piezometer than in the surface water. This is likely a result of the travel time of the water moving to the depth of the temperature sensor. Measured seepage from site ECC-3 to ECC-5 was -0.7, 0.6, and -0.1 ft 3 /s on July 30, August 30, and October 1, 2004, respectively. A diurnal fluctuation in the piezometer temperature data was observed throughout the summer at this location. The seepage gain measured on August 30, 2004, was not observed in the temperature data recorded at site ECC-4. This may have been caused by seepage gains that were occurring elsewhere between ECC-3 and ECC-5 on this date.
A diurnal water-temperature fluctuation was seen in the piezometer installed at site ECC-7. This fluctuation appears to attenuate in September and October. This is consistent with a decrease in measured seepage that was observed between site ECC-6 and ECC-8. Measured seepage from site ECC-6 to ECC-8 was -0.1, -0.6, and 0.0 ft 3 /s on July 30, August 30, and October 1, 2004, respectively (table 9) .
Water-temperature data from the three piezometers indicate seepage losses in the areas of sites ECC-2, ECC-4, and ECC-7. Seepage losses appear to be the least at site ECC-2 where the temperature fluctuation was slight. At sites ECC-2 and ECC-7 the temperature fluctuation appears to attenuate in September and October, indicating a decrease in the amount of water moving to the streambed at the end of summer.
Summary
Seepage investigations on McLeod Creek between the USGS streamflow-gaging station at McLeod Creek near Park City, Utah, and its confluence with Kimball Creek during the summer of 2004 indicate that this part of the creek overall is a gaining reach. Total seepage gains ranged from 1.9 to 2.6 ft 3 /s. This is a 34 to 54 percent gain. The apparent average total seepage for McLeod Creek was 2.2 ft 3 /s, or an average 42 percent gain. The reach from MCC-1 to MCC-2, which is the upper 2 mi of the creek from the gaging station to the West Grade Canal irrigation return, showed no consistent gain or loss. The lower reaches of the creek from MCC-2 to MCC-4 had consistent seepage gains on the order of 0.5 to 0.8 ft 3 /s/mi. Seepage investigations from USGS streamflow-gaging station East Canyon Creek below I-80 Rest Stop near Park City, Utah, to station East Canyon Creek near Jeremy Ranch, Utah, indicate that this part of East Canyon Creek is a slightly losing reach. Total seepage losses ranged from -1.9 to 0.3 ft 3 /s. This is a range of 8 to -27 percent from discharge measured at the upstream gaging station. The measurement on August 30 showed an overall gain; however, this gain was small and in the range of natural discharge fluctuations and measurement error. Reaches of the creek that had the most consistent seepage losses were from ECC-2 to ECC-3 and from ECC-7 to ECC-8. Seepage losses in these sections were -0.4 ft 3 /s/mi. Other reaches showed inconsistent small seepage gains and losses. The apparent average total seepage loss for the study reach on East Canyon Creek was -1.1 ft 3 /s, or -14 percent.
Water-temperature data from three shallow streambed piezometers installed in East Canyon Creek indicates the movement of surface water into the streambed at sites ECC-2, ECC-4, and ECC-7. This indicates that a seepage loss is occurring at these sites. No indications of a seepage gain were observed in the streambed piezometers. The movement of water to the streambed appears to decrease in September and October.
Although the amount of seepage loss in the individual reaches of East Canyon Creek are near the range of measurement and calculation limitations, when summed together, the measurements indicate that the study reach is losing water. This is supported by water-temperature data recorded at the three piezometer locations. Figure 14 . Water temperature and streambed piezometer temperature in East Canyon Creek at site ECC-7, near Park City, Utah.
